The assessment of pollution levels of heavy metals soil contamination is significant to human health and environmental management. The purpose of this article is to apply two methods, which are Principal component analysis (PCA) and Geoaccumulation index (I geo ), to assess heavy metals contamination levels in the area around copper mine tailing, and to compare the results with Hakanson potential ecological risk index techniques (RI). The rank of soil Cd pollution levels, which is assessed using I geo , is consistent with the one by RI, while the PCA assessments result of comprehensive contamination level in soil discrepancy with RI and I geo . PCA concerned with the distribution of all elements in soil, while I geo and RI are mainly determined by the elements with high concentration or big Toxic Response Factor value. The combined application of PCA and I geo can effectively identify the comprehensive and single pollution levels of elements in soil, thus important to the extent determination of heavy metals pollution in soil.
Introduction
Due to the environmental persistence, heavy metals can be accumulated in soil, which will increase potential risks to environment and population [1, 2] . Uncontrolled emission from fast-growing factories, mining, and overuses of agricultural chemical fertilizers and pesticides had lead to the heavy metal contamination of the agricultural soils [3] . Previous researchers have pointed that mining activity was a vital source of heavy metals in the agricultural soils near mining areas [4] . There have been reports about the heavy metal contamination of soils in vicinity of mining and smelting areas [5, 6] . It is also documented that abandoned mining wastes can leach significant amounts of various elements out to the soil [7] . Zhang et al. indicated that, more and more people in past years have paid much attention to the problems of heavy metal pollution in soil and sediments [8] .
Previous researchers had used several methods, such as Geoaccumulation index [9, 10] , Principle component analysis [11] , Set pair analysis [9] , and Fuzzy decision [12] , to assess soil contamination levels of heavy metals. Due to the different assess methods based on the different calculate processes, as the soil contamination levels of heavy metals were assessed by several assess methods, the results of different methods maybe discrepancy. In order to select a proper contamination assessment method, it is important to compare the assessment results obtained using different methods.
The purpose of this study is to assess the heavy metal pollution levels of soil in vicinity of mining area by applying two methods, Principal Component Analysis and Geoaccumulation Index, and to make comparison of obtained result by the method of Hakanson potential ecological risk index techniques. Wang et al. [13] were referred to get soil sample data and assessment indexes for the purpose of comparing the results with other research outcomes. Contents of Cu, Zn, Ni, Pb, Cr and Cd in soils around of Copper mine tailing were objectives of the assessment, which were sampled in Dexing, Jiangxi Province, China. 16 soil samples were taken from the study area, and the distance between the sample position and tailing increase gradually from S1 to S16. Multivariate statistical analysis, which is Principal Component Analysis, was performed using the SAS Systems for Windows 9.0.
Principal Component Analysis
Principal Component Analysis (PCA), a multivariate statistical method, was proposed by Hotelling in 1933 [14] . Based on the principal component scores, PCA can examine multivariate relationship and explain the variance in the data while reducing the number of variable to several groups of individuals [15] . As introduced by Rencher [16] , this technique is quite similar with the correlation or regression analysis methods, and can transform the data set, with many variables, into a set of comprehensive principle components. Due to the PCA allows a considerable reduction in the number of variables and the detection of structure in the relationships of different variables; it was applied in different areas by researchers [16] .
In order to assess the soil heavy metal pollution levels by PCA, the principal components of data set should be first identified. The principal components, which contain most part of information of assessed indexes, can present the contamination levels of heavy metals in soil correctly. During the processes of PCA, we seek to maximize the variance of a linear combination of the variables data set. The values of principal components can be calculated by the contents of heavy metals in soils and the contamination levels of heavy metals in soil can be assessed by weight sum of different principal component values.
Geoaccumulation index
Index of geoaccumulation (I geo ), which was proposed to assess the pollution levels of bottom sediments by Müller in 1969 [17] , was applied to assess the contamination levels of heavy metals in stream sediments by previous researchers [18, 19] . This technique can also be used to the assessment of soil pollution [10, 20] . I geo is computed by the equation (1):
Where C n is content of trace element in soil, B n is the geochemical background content in shale, the 1.5 is the factor compensating the background content due to lithogenic effects. The I geo is classified into Seven grades [21] or Five grades [22] , as shown in Table 1 . It can be indicated by the procedure of determine the value of I geo that the contents of elements in soil of highest class more than 150 folds of background contents. In order to avoid that the assessed results with lower differentiation, the classified methods of seven grades was selected for assessing the contamination levels of heavy metals in soils. The key part of this technique is selection of background contents of heavy metals in sample soils. Although the equation, which determines the value of I geo , includes the factor which compensates the background content of lithogenic effects, incorrect background contents of heavy metals will lead to the mistaken results. Previous research results have indicated that there are linear differences among the assessed results of different backgrounds [10] . The background concentrations of heavy metals in soil of Jiangxi Province are selected for the analysis of I geo in this study.
A case study of assessment of soil heavy metals pollution by PCA and Igeo
The contents of heavy metals (Cu, Zn, Ni, Pb, Cr and Cd) and assessment standards of I geo in study soils were shown in Table 2 . According to the Maximum allowable concentrations (MAC) of elements in arable soils in China [23] , 25% soils were contaminated by Cu and 81% soils were contaminated by Cd. The contents of Zn, Ni, Pb, and Cr relatively lower than the MAC of elements in arable soils in China. The content of Cu in soil generally negative correlated with the distance between sample points and copper mine tailing (Table 2) . [13] ; the unit of contents of elements is mg kg -1 . ‡ Maximum allowable concentrations (MAC) of elements in arable Soils in China [23] . ‡ ‡ Background concentrations of heavy metals in soil of Jiangxi Province, China [24] .
Determination of contamination levles of soil by PCA. Set the matrix X present the data set of contents of heavy metals in soil samples, X = (C i,j ), where C is the concentrations of heavy metals in soil, and i is the different heavy metals, i (Cu, Zn, Ni, Pb, Cr, Cd); j is the sample numbers, j (1, 2, …, 16). The result of principal component analysis was shown in table 3. Due to the first two principal components account for 82.4% of the total variance, they can present the soil heavy metal contamination levels in study area. The values of these two principal components can be presented by the contents of heavy metals in soil and the Eigenvectors of principal components (Eq 2 and 3) .
Where Z 1 and Z 2 are the values of first two principal components respectively, C i , i (Cu, Zn, Ni, Pb, Cr, Cd), is the contents of heavy metals in study soil. In order to get the comprehensive contamination levels of heavy metals of different samples, the values of Z 1 and Z 2 should be weight sum by each eigenvalues of their. The following will take Sample 1 (S1) as an example to explain the computational process of comprehensive contamination levels by PCA. The values of Z 1 and Z 2 of S1 (Z 1S1 and Z 2S1 ) can be calculated by Eq. 2 and 3 and the contents of heavy metals in soil, which is: Z 1S1 = -50.4 and Z 2S1 = 334.3, respectively. And then, the comprehensive contamination levels of heavy metals in S1 can be obtained, which is:
PCA S1 = Z 1S1 ×3.84/(3.84+1.11) + Z 2S1 ×1.11/(3.84+1.11) = 35.8 Similarly, the comprehensive contamination levels of heavy metals in other Samples can be calculated by this procedure, and the results were shown in Table 4 .
Analysis and comparison of the assessment results.
The assessment results of different methods were shown in Table 4 . According to the assessment result of I geo , Cd and Cu were the mainly contamination elements of study soil. All of the values of I geo of Zn, Ni, Pb, and Cr below 1, it can be indicated that the contamination levels of these four elements in soil of study area were generally under the level of Moderate contamination, which is generally consistent with the concentration distribution of them in soils ( Table 2 ). The distribution of contamination levels of Cu and Cd were different from each other in study area (Table 4 ). The contamination level of Cu in soil is generally negative correlated with the distance of sample points and copper mine tailing. However, the I geo of Cd in most part of samples higher than 3, and there are no significant relationships between the contamination level of Cd with the sample position. According to the result of PCA (Table 4) , the comprehensive pollution levels of heavy metals in soil were determined by the concentrations distribution of all elements. The comprehensive pollution levels of heavy metals in S1, S2, S3, and S14 were relatively lower than other sample points, and this maybe attributed that the concentrations of Zn, Ni, Pb, and Cr in soil of these samples were relatively lower than other samples. Although the PCA can not identify the ecological risk levels of heavy metals in soil, the result of PCA can give the comprehensive information of heavy metals contamination in soil. The combination of results of PCA and I geo can identify the comprehensive and single pollution levels of different elements in soils, which is very important for defining the extent of heavy metals pollution in soil.
The assessment result of Hakanson potential ecological risk index techniques (RI) was generally consistent with the ranks of soil Cd pollution levels, which was determined by I geo (Table 4 ). This indicated that the assessment result of RI was mainly determined by the content of Cd in soil, which may be attributed that the Toxic Response Factor value of Cd is significantly higher than other five elements [25] . The results of PCA and RI were not consistent with each other, this was mainly attributed that the methods of PCA determined the comprehensive pollution level, while the technique of RI was mainly reflect the ecological risk levels of elements which had higher Toxic Response Factor value or higher concentrations in soils.
Conclusion
Cu and Cd, with geoaccumulation indexes basically above Zn, Ni, Pb and Cr, are two chief contamination elements of soil in the studied area. The rank of soil Cd pollution levels, which is assessed by I geo , are quite consistent with those by RI, while the PCA assessment result of comprehensive contamination level in soil is discrepant with the results of RI and I geo .
The method of PCA relates to the concentration distribution of all elements in soils, while I geo and RI are under control of elements with high content in soil or high Toxic Response Factor value. Combination of PCA and I geo can determine both the comprehensive and single factor pollution levels of different elements in soils, thus being of particular important to soil contamination assessment.
